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Table 1. Physical and chemical characteristics of experimental field soil

Texture Clay Silt Sand EC o.C N P K
(%) (%) (%) (ds.m) (%) (%) (ppm) (ppm)
Clay 453 322 225 2.4 0.4 0.06 11.8 275
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Table 2. ANOVA of chitosan and titanium dioxide (bulk and nano) foliar application on plant yield and
biochemical responses of Silybum marianum ecotypes

Means of Square

Plant

S.0V d.f. yield CAT POD APX SOD EL MDA H,0,
Year (Y) 1 37.72"™ 0.23"™ 0.32" 0.001™ 1.44™ 1.40™ 0.0001™ 10.05"™
Replication 4 6.81 0.07 0.53 0.005 0.75 35.60 0.00005 3.97
(Year) (a)
Ecotype (A) 4 4807.317  85.02" 27.377 0.22" 214.61™ 456" 0.0079™ 82.49™
Foliar N N N N N ) N N
application 8 3248.63" 334.11" 155.23™ 2777 21477 76.62" 0.001" 20.83"
(B)
AxY 4 4.46"™ 0.06" 0.01" 0.002" 0.09" 0.47™ 0.000009™ 0.04™
BxY 8 1.80™ 0.13"™ 0.06"™ 0.0007" 0.09" 0.53"™ 0.00001" 1.07™
AxB 32 745" 23.74™ 3.67" 0.04™ 91.3" 30277 0.0004™ 3.23™
AxBxY 32 1.33™ 0.09™ 0.1 0.0005™ 0.08™ 0.81"™ 0.00001"™ 1.43™
CV (%) 2.7 6.98 12.23 10.92 5.67 6.77 21.58 8.28

ns, *, and **: not significant and significant at 5 and 1% probability levels, respectively.
CAT: Catalase, POD: Peroxidase, APX: Ascorbate peroxidase, SOD: Superoxide dismutase, EL: Electrolyte leakage, MDA: Malondialdehyde, and
H,0,: Hydrogen peroxide.
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Table 3. Means comparison of ecotype x chitosan and titanium dioxide (bulk and nano) foliar application
interaction effects on plant yield and biochemical responses of Silybum marianum ecotypes

Foliar Plant

. . CAT POD APX SOD EL MDA
Ecotype application (él/i)lgr — e
(mg/l) plant) (pmol min™ g™~ FW) (%) FW)

Control 39.52t 3.69 t-v 1.93t 0.16 uv 29.57k-m 47.96 i-k 0.0400 e-k
Ti 50 51.92 Im 4.34g-s 3.86 0-q 0.24 g-s 32.49ij 50.32 d-k 0.0333i-m
Ti 100 54.89 k 4.87 pg 5.07 j-1 0.45m-o0 35.55 hi 52.10 b-h 0.0333i-m
Ti NP 50 60.71 hi 5.47 no 6.54 ef 0.48 k-m 35.69 f 50.49 d-k 0.0383 f-k

Sari (SA) Ti NP 100 63.78e-g 6.10 Im 8.64c 0.74 fg 39.09 f 52.62 a-g 0.0500 de
Ch 50 54 k 5.34 op 5.24 jk 0.46 m-o 33.45 hi 52.86 a-f 0.0483 d-f
Ch 100 56.93 j 5.39 no 6.25 f-h 0.46 1-0 36.03 ¢ 53.84 a-d 0.0466 d-g

Ch NP 50 76.69 ¢ 7.27i 8.48c 0.83e 40.35 ef 48.40 h-k 0.0266 I-n

Ch NP 100 75.41c 11.57e 9.56 ab 1.13b 53.48 b 52.81 a-f 0.0500 de

Control 36.94u 1.06 ¢ 2.39 st 0.16 uv 25.42 op 47.33 jk 0.0116 p

Khomain Ti 50 42.93r 1.41 b'c 3.01rs 0.19s-u 34.07 g-i 52.20 b-h 0.0350 h-I

Ti 100 50.90mn 1.72ab 4.02 n-p 0.32p 34.42 g-i 52.82 a-f 0.0450 d-h
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Continued Table 3. ...
ooty apgﬁl‘:{i on 5!2{‘; CAT POD APX SoD EL MDA—l
(mg/l) ggﬁ; (umol min g* Fw) (%) (“FF”\‘,’\',)Q

Ti NP 50 54.51 k 5370 6.31 of 0.56 j 39.24 f 51.62b-i  0.0416 d-j

TiINP100 5496k  11.37e 7.24 de 0.8 f 4044ef  5215b-h  0.0433 d-i
Ch 50 51.10mn  3.26 vw 6.16 f-i 0.400 3520gh  3203b-h  0.0400 ek
Ch 100 5353kl 474qr 6.69 d-f 0.42 no 3856f  5456a-c  0.0383f-k

ChNP50  6528de  12.08d 9.41 ab 0.91d 4240 e 49 f-k 0.0366 g-I

ChNP100  6213gh  1348c¢ 1007 a 1.05¢ 4266e  5355a-e  0.0500de
Control 30.81w 1.51a'-c 2.06t 0.17 t-v 18.26 q 48.66 g-k 0.0216m-o0

Ti 50 3455V 2.99 wx 2.48 st 0.17 t-v 2434p 5133 0.0766 a

Ti 100 3767u  3.49uv 3.10 g-s 0.27 g-s 2460p  5276af  0.0716ab

Ti NP 50 4666q  5.80m-0 3.90 op 0.48k-n  4069ef  51.61b-i 0.0633 b

Kgobr;gm TINP100  48730p  5.87mn 7.14 de 048k-m  4086ef  525la-g  0.0616 bc
Ch 50 4041t 3.97s-u 3.49 tr 025q-s  2942kn  5324ae  0.0666 ab

Ch 100 4674q  4.03st 3.86 0-q 027pr 3018 56.27 a 0.0700 ab
Ch NP 50 5443k 6.61jk 7.38d 0.8 ef 4175¢e 49 f-k 0.0483 d-f

ChNP100  49.82no  8.10h 9.65 ab 0.8 ef 4562d  5308a-e  0.0700 ab

Control 29.80 w 2.64 xy 3.35p-r 0.12v 25.36 op 49.78 e-k 0.0416 d-j
Ti 50 4057st  4.17st 3.48 p-r 013v  2741m-0  52b-h 0.0333 i-m
Ti 100 4089st 444 q-s 4.09 m-p 021ru  28311n  50.77c-k  0.0400 e-k

TiINP50  49.070p  6.13k-m 5.21 jk 0.52 -l 3505gh  514lc-i  0.0466 d-g

Ahvaz Ti NP 100 54.37 k 6.38 ki 5.41i-k 0.59 ij 4158¢e 51.68 b-i 0.0516 cd
Ch 50 4161rs 53710 471 k-n 043m-0  3056j  5372ae  0.0433 c-i

Ch 100 4697q 54710 5.10 j-I 0.48k-m  3463g-i  5549ab  0.0416 d-j

Ch NP 50 62.64 9 9.16 g 5.64 g-j 0.63 hi 4182e  4858g-k  0.0383 f-k

ChNP100  59.89i 9.71f 9.23 be 117b 58.46a  51.34c-j  0.0483 d-f

Control 47.70 pq 1.97 za' 2.99rs 0.16 uv 24.23p 46.91 k 0.0300 k-n
Ti 50 5398k  244yz 43910 023¢t  27.16no  51.39ci  0.0333i-m

Ti 100 5479k 4.291s 4.89 j-m 027pr  3068jk  5210b-h  0.0316-n

Ti NP 50 65.53 d 6.93 ij 6.53 d-f 0.67h 3501gh  5253a-g  0.0266 I-n

Budakalazi  Tj NP 100 7983b  14.70b 6.77 h-k 0.69 gh 50.66 ¢ 5279a-f  0.0233m-0
Ch 50 63.14fy  554n0 5.46 h-k 0.29 pq 31.08jk  437.89i-k  0.0233m-0

Ch 100 64.68d-f  6.14k-m 6.60 d-f 0.53 jk 34.24 g-i 41.381 0.0136 j-n

Ch NP 50 9155a  15.89a 9.81ab 0.91d 5111b  49.95d-k  0.0200 op

ChNP100  8099b  1579a 10.02 ab 1.23a 5623a  52.39ah  0.0333i-m

In each column, means with the same letters are not significantly different at 5% probability level (LSD test).
CAT: Catalase, POD: Peroxidase, APX: Ascorbate peroxidase, SOD: Superoxide dismutase, EL: Electrolyte leakage, MDA: Malondialdehyde, H,0,:

Hydrogen peroxide, Ti: Titanium dioxide, Ti NP: Nano titanium dioxide, Ch: Chitosan, and Ch NP: Nano chitosan.
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Abstract

Milk thistle (Silybum marianum (L. Gaertn.)) is a plant with various medicinal uses which is
adapted to different climates. To investigate the effects of different concentrations of chitosan
(CS) and titanium dioxide (TiO,) on increasing yield and biochemical indices of milk thistle
ecotypes, a farm factorial experiment was conducted in a randomized complete block design
with three replications during two crop years. Experimental treatments included milk thistle
ecotype at five levels (Budakalazi, Sari, Khomein, Khorramabad, and Ahvaz) and type and
elicitor concentration at nine levels (foliar application of distilled water (control), bulk CS (50
and 100 mg L™), nano CS (50 and 100 mg L™), bulk TiO, (50 and 100 mg L™), and nano TiO,
(50 and 100 mg L™)). The results showed that foliar application of CS and TiO, (bulk and nano)
effectively increased yield and defense enzymes. In all these traits, foliar application of CS and
TiO, in nano form was more effective compared to the bulk form and control. Based on the
mean comparisons results, the plant yield increased with foliar application of nano CS at the
concentration of 50 mg L™. Also, foliar application of nano CS at the concentration of 100 mg
L? increased the activity of defense enzymes. In general, foliar application of nano CS
increased the yield as well as improved the biochemical traits of milk thistle ecotypes,
especially the Budakalazi one, which could be considered as a suitable way to increase the yield
of this plant. Considering the higher yield of Budakalazi ecotype, it could be also recommended
to be used in breeding programs.

Keywords: Nano chitosan, defense enzymes, elicitor, malondialdehyde, Budakalazi.
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